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Chapter 1 


Identification and Selection of T-Cell 
Epitopes Derived fi:om Tumor-Associated 
Antigens for the Development 
of Immunotherapy for Cancer 

Esteban Celis 

Because the immune system has the capacity to recognize and in many cases d«troy 
tumor cells, significant efforts are being devoted to die development of immune-based 
diempies for cancer. Bo A cytotoxic T lymphocyt«:s (CTL) and helper T lymphocytes 
(HTL) have been shown to leact widi antigens expressed by tumor cells and as a result, estab- 
Ush protective and dierapeuric effects. Since CTL and HTL recognize antigens m die form of 
peptide complexes widi major histocompatibiUty complex (MHC) surfece molecules (HLA in 
humans), it is necessary to identify the nature of tumor-derived pepodes diat can ehatT-ceU 
responses capable of inhibiting tumor-«U growdi. The overall objectnre of our ^^^k « to 
identify peptides derived fiom sequences of several known tumor-assoaated antigens (lAA) 
diat are capable of stimulating CTL and HTL against tumor cells. The amino aad^uences 
of TAA are screened for die presence of peptides containing MHC binding moafe. Corre- 
sponding peptides are dien syndiesized and tested for dieir edacity to ehat m vitro T-ceU 
r«pons« to tumor cells and correspondingTAA as a final proof diat diey mdy representT-ceU 
epitopes. As a consequence of diese studies, die identified tumor-reactive T-ceU epitopes can be 
developed into dierapeutic compounds to treat commonly found epidiehal cancers (br^. 
Kastrointestinal and lung). The remaining chaUengps are how to select die most appropriate 
mode of vaccination and how to evaluate die effectiveness of immunodieiapy m die cancer 
setting. 

Introduction 

The incidence of many types of tumors including breast, prostaac, colorectal and lung 
carcinomas continues to rise in die majority of developed and underdeveloped countries. Most 
importandy, diere is a desperate need to develop non-toxic dierapies to eUmmate disease, pre- 
vent tumor recurrences and inhibit metastatic dissemination, all which should prolong survival 
while maintaining a good quality of life. Immunodierapy must be considered as die best alter- 
native to accomplish diis goal. The purpose of diis Chapter is to describe our groups approach 
to develop effective immune-based dierapies for die treatment of commonly found types of 
cancer. Out beUef is diat T-lymphocytes are die most efficient constituents of the immune 
system diat are capable of Umidng tumor cell growdi. Based on diis bias, die goal of our studies 
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has been to determine the best approach to induce strong and efFective anti-tumor-specific T- 
ceU responses as a m^s of developing epitope-based therapeutic vaccines for cancer. 

T-Cells and Cancer 

It is well accepted diat die immune system has die ability to recognize and eliminate many 
Xfpes of tumors. As a consequence, significant eflforts have been devoted in die last 20 years to 
die development of immune-based dierapies for cancer. Cytotoxic T lymphocytes (CTL) and 
helper T lymphocytes (HTL) have been shown to react widi antigens expressed by tumor cells 
and m maiy circumstances T-cell reactivity against tumor-derived antigens results in die in- 
ducaon of protective and dierapeudc anti-tumor effects. While CTL can direcdy kill die tu- 
mor cells diey recognize, antigen-specific HTL wiU ampUfy CTL responses and may also ex- 
hibit ana-tumor responses by producing lymphokines diat direcdy inhibit tumor-cell growdi. 
In several murine tumor model systems it has been clearly demonstrated diat T-cells, and in 
paroadarCTL are capable of eliminating established tumors. Adoptive transfer of tumor- 
racave CTL. • • • active immunization using dendritic cells (DC) pubed widi CTL epitopes 
or die use of strong co-stimulatory signals which increase CTL responses have all been 
reported as successfiil means of eliminating relatively large established tumors. 

In humans, adoptive transfer of tumor-reactive T-cells (sometimes in combination widi 
cytokmes). has resulted in objective anti-mmor responses and in may cases in total tumor 
eradicanon • Aldiough diese results have been most encouraging in limited types of tumors 
such as meknoma. renal cell carcinoma and B-cell lymphomas, positive responses are not ob- 
^rved in aU pauents. Furdiermore. diis mode of dierapy has not been apphcable to die most 
ftequendy encountered malignancies such as breast, lung, prostate and gastrointestinal carci- 
nomas. Widi respect to active immunization, impressive dierapeuric responses have been re- 
ported m melanoma patients immunized widi peptides corresponding to CTL epitopes diat 
were admimstcred in combination widi GM-CSF, IL-2 or pulsed onto DC."-'" However as 
widi adoptive dierapy. not all patients responded fevorably to diis mode of immunotherapy 
and die appUcabiUty of diis approach to odier mmor types is limited because the appropriate 
CTL epitopes are yet to be defined. 

The most likely explanation for diese inconsistent results is diat tumor cells vary signifi- 
cantly widi respect to dieir antigenic composition and hence melanomas, renal carcinomas and 
B-ceU IjTnphomas have been considered as "immuno-responsive", while most odier tumors are 
regarded as "poorly immunogenic". Anodier possible cause for the variabiUty observed in re- 
spoiises^to T-cell adoptive dierapy widiin die same tumor type is diat die conrent of "antigen- 
specific effector T-cells diat are present in die cell product infiised into the patients is usuaUy 
not equivalent from patient to patient. Thus, die identification of relevant TAA and corre- 
sponding epitopes for tumor-reactive T-cells will certainly broaden die type of tumors suitable 
for mimunodierapy and should increase die efficacy of dierapeutic vaccines or adoptive dierapy 
approaches by facilitating die induction of antigen-specific effector cells. 

considered to be die main effector of anti-tumor immune responses, 
HIT play a pivotal role in enhancing tumor-reactive effector immune responses. Furdiermore, 
HTL may also pardcipare in die estabhshment of long-term immunity, which is essential for 
die prevenuon of tumor recurrences. It has been clearly demonstrated diat restoration of long- 
ttrni mimunity by adoptive transfer of CTL requires die presence of antigen-specific HTL.^' ' '-^^ 
Thus, aT-cell mediated immunodierapy approach for tumors must include, in addition to die 
mducaon of CTL, die concurrent stimulation of TAA-specific T helper cells diat wiU not only 
potentiate die dierapeudc effect, but will also provide long-lasting immunological memory. 
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Antigen Recognition by T-Cells 

T cells recognize antigen as small peptides bound to cell surface molecules encoded by the 
major histocompatibility gene complex (MHC). CTL are characterized by expression of CDS 
cell surface molecules and by their capacity to induce lysis of the target cells they react with via 
the perforin/granzyme and/or the Fas/Fas-L pathways. ^^'^^ The T-cell receptors for antigen 
(TCR) of CTL bind to a molecular complex on the surface of the antigen-presenting cells 
(APC) formed by peptide epitopes usually derived from viral or tumor-associated antigens 
(TAA) and major histocompatibility gene complex (MHC) class I molecules. The peptides 
that are recognized by CTL are usually fragments 8-10 residues long that associate non-co- 
valendy with polymorphic class I MHC molecules.'^ On the other hand, HTL express the 
CD4 surface marker and recognize slightly larger peptides (12-20 residues) in the context of 
MHC class II molecules, which are only expressed in specific types APC such as B-lympho- 
cytes, monocytes/macrophages and DC.^^ 

Many normal and abnormal (e.g., oncogene products) cellular components as well as 
proteins derived from genes of foreign intracellular microorganisms are processed into MHC- 
binding peptides which are transported to the APC surface for presentation to the TCR.^^'^** 
After TCR engagement by appropriate MHC-peptide complexes, CTL have the ability to bind 
and kill target cells expressing foreign (infectious) or TAA. On the other hand, as a result of 
MHC-peptide recognition by HTL, these cells produce lymphokines that enhance and am- 
plify CTL immune responses, or in some cases, HTL may also induce the lysis of the cell 
presenting the antigen or bystander celk via cytolytic mechanisms such as TNF and Fas ligand. 

Strategies to Identify TAA and Selection ofT-CeU Epitopes 

Some of the changes that occur during cell transformation can produce MHC-binding 
peptides that are immunogenic for CTL or HTL. These TAA include: 1) oncogenic viral pro- 
teins; 2) abnormal overexpression of fetal or tissue specific proteins; and 3) mutated or 
overexpressed oncogene or tumor suppressor gene products.^ ^ 

Over several decades various TAA such as CEA, PSA, HER2 and p53, which serve as 
"tumor markers" have been identified and biochemically characterized.^^*^*^* Because many of 
these antigens were first identified serologically or genetically, their relevance to CTL and HTL 
immunity was unclear. However, at the present time, there is sufficient evidence indicating that 
these tumor markers are capable of producing MHC-binding peptides that are recognized by 
CTL and HTL 

Two new approaches based on advanced molecular biology and immunology techniques 
has made it possible to identify several additional cellular products that can function as TAA 
for T lymphocytes. Both approaches rely on the availability of tumor-reactive CTL obtained 
from tumor bearing patients to screen gene libraries or peptide fraction isolates. T. Boon and 
collaborators pioneered the identification of TAA encoding genes of non-viral origin, origi- 
nally in murine model systems and later in human melanomas.^^ This approach was used to 
identify a family of genes expressed predominandy in human melanomas (but also in a small 
proportion of breast, lung and colon carcinomas) and not in most normal tissues (with excep- 
tion of the testes) designated MAGE.^^ Several CTL epitopes recognized by a melanoma patients 
CTL were defined as 9 amino acid peptides which were presented to the TCR in association 
with class I MHC molecules. Various additional TAA (MARTl/Melan-A; pmel-17/gplOO, 
tyrosinase, gp75, pi 5, BAGE, GAGE, and others), also expressed mainly in melanomas, have 
been identified by several groups using the same methodology.^*^^^ These proteins in addition 
to being expressed in melanomas, are also foimd in normal melanocytes. These observations 
demonstrate that under some circumstances TAA can be derived from normal cell constitu- 
ents, and that immtme tolerance to "self-antigens" at the CTL, and possibly at the HTL level is 
not necessarily always complete.^ Another approach to identify TAA is to direcdy sequence 
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MHC-binding peptides diat are eluted and purified from tumor cells.''^-^^ -^^^ technique 
requites laige numbers of tumor cells from which MHC molecules can be purified togedier 
widi accurate and sensitive mediods to characterize die eluted peptides and as in die previous 
method, TAA-reacdve CTl, usuaUy isolated from tumor patients are required to identify die 
active pepude fractions before diey are sequenced by tandem-mass spectrogiaphy. 

Identification of T-CeU Epitopes for Tumor Cells Using Reverse 
Immunology 

MHC-BimUng Peptides as Potential T-CeU Epitopes 

We have developed a completely different strategy to identify peptide epitopes for CTL 
which can be extended to HTL These T-cell epitopes are derived from known TAA and die 
approach does not requite die use of patients tumor-reactive T-cells (which have been very 
dittacult to isolate for tumors odier dian melanoma and renal-cell Ca) to screen DNA libraries 
or peptide fracaons. This mediod involves diree critical steps: i) identification of defined MHC 
bmdmg motife for die major HLA alleles; ii) selection of peptide sequences from putative or 
known TAA diat contain diese motife and measurement of dieir capacity to bind to purified 
MHC molecules; and iii) determination of which MHC-binding peptides can elicit in vitio 
1 L that are capable of killing tumor cells diat express die TAA. 
An important fector to consider in die identification ofTAA is whedier a peptide can bind 
to a speafic MHC allele since MHC binding is a prerequisite for immunogenicity. Peptide 
bindmg to an individual MHC molecule depends on die specific sequence of die peptide 
Analysis of die sequence patterns of peptides diat bind to MHC molecules in humans and 
mice has revved die presence of primary and secondary anchor residues. MHC molecules are 
«Oemely polymorphic, and dieoietically each alleUc type will bind different sets of peptides 
(different aUeles of die MHC tend to vary in diose residues diat form part of die peptide 
binding pockets). The MHC binding motifs fbr die most frequendy found class I alleles (HLA- 
iV. -A2, -A3, -Al 1, .A24, -B7) as well as diose for several major class II molecules (DRB*0101 
-DRB*0301, DRB'0401 and DRB*0701) have been reported.5'^59 By identifying sets of 
mor-associated peptides diat bear diese motifr and diat bind to diese die various HLA mol- 
ecule, one could offer coverage to die majority of die human population (>80%) for develop- 
mg T-cell epitope-based immunodierapy for tumors. 

Once the seleaed TAA have been screened for sequences diat contain MHC binding 
mools, synthenc peptides representing diese sequences can be syndiesized and tested for dieir 
capacity to bmd purified HLA molecules. Numerous quantitative peptide MHC binding as- 
^ys have been developed which allow to screen a large number of motif-containing peptides 
tom TAA and determine dieir binding affinity to several different HLA class I and II alleles " 
The results presented in Figure 1.1 illustrare an example of a quantitative binding assay of 
pepades denved from die MAGE antigens to HLA-Al molecules. 

TTie last and probably most difficult step in the T-cell epitope identification process is to 
determme whedier die peptides diat have been identified as MHC binders are capable of in- 
duang ana-tumor CTL or HTL responses. Primary T-cell immunization using syndietic pep- 
tides can be done in vitro using human peripheral blood mononuclear ceUs (PBMC) from 
appropriate HLA-typed individuals. In die following section we will present several examples 
where our group has been successfid using diis strategy in identifying numerous CTL epitopes 
tor melanoma and solid epidielial tumors. The same approach should be applicable for die 
idennficanon of tumor-reactive HTL. 
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Fig. 1.1. HLA-Al binding of synthetic peptides from MAGE- 1 , -2 and -3. The MAGE peptides were tested 
in a dose titration for the inhibition of the binding of the radiolabeled standard peptide *^^I-YLEPAIA1CY 
to purified HLA-Al molecules as described. Peprides tested were: (•), MAGE-1 peptide EADPTGHSY; 
(■), MAGE-2 pepride EVVPISHLY; (O), MAGE-3 peptide EVDPIGHLY. Dotted lines are used to 
calculate the 50% inhibitory concentration (IC50) for each peptide, which inversely correlates with the 
binding affinity of the pepride to the HLA molecule. Reprinted with permission from: Celis E, Tsai V, Crimi 
C et al- Proc Nad Acad Sci (USA) 1994; 91:2105-2109. ©1994 National Academy of Sciences, USA 

In Vitro Immunization of T-Cells Using MHC-Binding Peptides 
from MAGE Antigens 

The identification of MHC-binding peptides from known antigen sequences is not suffi- 
cient to guarantee that these peptides truly represent to T-cell epitopes. It is necessary to dem- 
onstrate that the T-cells can recognize cells that naturally process the antigen and present the 
corresponding peptide to theTCR as an MHC/peptide complex. In animals (mosdy in nuce) 
it is possible to immunize with peptides corresponding to putative T-cell epitopes and demon- 
strate that the responding T-cells can kill or proliferate to APC that process the corresponding 
antigen. In humans this type of approach is not feasible and one is linuted to either evaluating 
the responses of T-cells isolated fi:om patients or performing in vitro primary inmiunization of 
the T-cell precursors. As mentioned in previous sections, the use of patient-derived T-cell has 
limitations that in many types of cancer, especially the ones we wish to study here, antigen- 
specific T-cell lines/clones have been difficult to establish. Furthermore, as will be mentioned 
in more detail below, T-cells fi-om patients will respond primarily to classical "immimodominant** 
epitopes whereas (in vitro) immunization studies using defined peptide epitopes should un- 
cover both dominant and subdominant T-cell epitopes.^^ 

In view of the above, we have developed an in vitro CTL immimization procedure that 
utilizes peptide-pulsed APC and CTL precursors from peripheral blood mononuclear cells 
(PBMC) of normal individuals.^' Using this procedure our kboratory was the first to dem- 
onstrate the feasibility of inducing tumor-reactive CTL in normal individuals by in vitro im- 
munization with peptide pulsed activated autologous epitopes B-cells as APC. The results pre- 
sented in Figure 1 .2 show that the HLA-Al -binding peptide that we identified from die MAGE-5 
antigen (Fig. 1.1) was efficient in inducing peptide and tumor (melanoma) reactive CTL. 

Subsequendy, the technique of in vitro immunization of CTL was gready improved by 
the use of tissue culture generated DC^*^' that are used as professional APC. With DC we 
were able to generate primary CTL to a hepatitis B virus epitope in close to one 100% (1212) 
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Effector/Target 

Fig.1.2. Antigen-specificity and MHC-restriction analysis of MAGE-3 reactive CTL. Cytotoxic responses 
using peptide-loaded target cells and melanoma tumors: (A), Steinlin (HLA-Al * homozygous, Epstein- 
BarrYirus-transformedlymphobiastoidcell line (EBV-LCL), pulsed with MAGE-3 peptide EVDPIGHLY- 
(•), Steinlin cells (EBV-LCL) pulsed widi MAGE-1 peptide EADPTGHSY; (O), Steinlin ceils with no 
peptide; (▼). 397mel (HLA-Ar, MAGE-3^); (♦), 938mel (HLA-Al \ MAGE-3*); (O). 888mel (HLA- 
Al* MAGE-3-); (V), 526mel (HLA-A2*, MAGE-30. Reprinted with permission from: Celis E. Tsai V, 
Qimi C et al. Proc Nad Acad Sci (USA) 1 994; 9 1 :21 05-2 1 09. ©1 994 National Academy Sciences. USA 


normal individuals. Moreover, the majority of the peptide-reactive CTL (>80%) were also 
capable of recognizing target cells that naturally process the hepatitis B virus epitope.^* 

Using the newly optimized DC immunization protocol, we proceeded to identify addi- 
tional MAGE-specific CTL epitopes, but focusing on HLA-A2, one of die most frequently 
found MHC alleles in humans. In addition, we wished to determine whether MAGE-2 and 
MAGE-3-reactive CTL could recognize and kill other tumors besides melanomas, which may 
express these TAA. The rationale for this experiment is based on the published reports diat 
approximately 20^-60% of breast, colon and higher numbers of gastric carcinomas express die 
MAGE antigens. ® Aldiough numerous reports by several groups have demonstrated diat 
MAGE-specific CTL were effective in kiUing MAGE^ melanoma tumors,3<^3^'52.69 j^^j. 
evaluated if diese CTL could also recognize and kill MAGE" tumors of other type. Using 
peptide-pulsed DC, we tested die capacity of two HLA-A2-binding peptides from MAGE to 
induce tumor-reactive CTL by in vitro immunization of T-cells, and to determine whedier 
these effector cells were capable of recognizing epidielial (non-melanoma) tumors expressing 
MAGE and HLA-A2 molecules. The results in Figure 1.3 clearly demonstrate that MAGE-2 
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Fig. 1 .3. Recognition of various tumor types by a MAGE-2 and -3 specific CTL clones. A MAGE-2 pi 57- 
166(YLQ^LVFGIEV)spedficCTLclone(A)andaMAGE-3pn2-120(KVAELVHFL)spedfic^ 
(B) were prepared from PBMC of a normal HLA-A2 donor using peptide-pulsed autologous DC as APC. 
Both clones were tested for their lyric activity ^nst the following targpt cells: O, .221A2.1(HLA-A2* 
homoz)^us, EBV-LCL) pulsed widi the corresponding MAGE peptide; .221A2.1 celk without pep- 
tide; A, 624mel (melanoma, HLA-A2\ MAGE-2V3'); KATO-III (gastric Ca, HLA-A2*, MAGE-2V 
-3^; O, SW403 (colon Ca, HLA-A2^ MAGE-2V3*); WiDr (colon Ca, HLA-A2-, MAGE-27-3); A, 
888mei (melanoma, HLA-A2', MAGE-2*/-3*). Reprinted with permission fix)m: Kawashima I, Hudson 
S, Tsai V ct al. Human Immunol 1998; 59:1-14. ©American Society for Histocompatibility and Immu- 
nogpnetics, 1998 Elsevier Science, Inc. 

and MAGE-3 specific CTL that were induced in vitro with pepude-pulsed DC, were very 
eflficient in killing MAGE* melanoma, colon and gastric tumor cell lines.^** 

In collaboration with scientists from Takara Biotechnology, Qapan) we have identified 
additional new MAGE-specific CTL epitopes that are restricted by HLA-A24 which is the 
most common MHC chss I allele in the Japanese population. The CTL elicited by the HLA- 
A24-binding peptides were efficient in killing both melanomas and gastric carcinomas that 
express the MAGE antigens/^ These results confirm the prediction that immunotherapy using 
NL\GE antigens may be applicable to mmors other than melanoma. However, because of the 
relatively low fi-equency of epithelial tumors that express MAGE, the use of additional TAA 
must be considered to offer adequate disease coverage. 

In Vitro Immunization of Tumor-Reactive CTL Using MHC-Binding 
Peptides from Epithelial Tumor Markers 

Epithelial sold tumors such as lung, gastrointestinal, breast arid prostate represent the 
most common type of malignancies in the human population. Unfortunately, at present there 
is no knowledge of a single TAA that is expressed in the majority of these types of tumors which 
could be developed into a therapeutic vaccine. In view of this, it will become necessary to 
utilize several TAA to provide disease coverage for any immune-based therapeutic approach to 
treat epithelial-derived mmors. Our laboratory has selected in addition to MAGE, two TAA, 
HER2 and CEA, both which are found in a significant number of epithelial tumors. In the 
following we describe our efforts to identify CTL epitopes for these TAA. 

A significant proportion (30-60%) of transformed breast epithelial cells overexpress and 
produce a proto-oncogene product known as HER2 (also known as neu, c.ErbB2,orpl85"*^). 
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Fig. 1 . 4. CytotoidcT lymphocytes induced with HLA-binding peptides fiom H ER2 can kill tumor cells. CTL 
were induced widi die HlA-A2-binding peptide, HER2 p435-443 (ILHNGAYSL) (panel A) or die HLA- 
A3 bindingpeprideHERp754-763 (VLRENTSPK) (panelB). Pepdde specific CTL were used as effector cells 
to test for die lysis of foUowing target cell lines: O, EBV-LCL cells of die appropriate HLA type pulsed widi 
HERp435-443 (in A) or HERp754-763 (in B); EBV-LCLcellswidiout peptide; A, SW403 cells (colon 
a, HLA-A2V-A3^ HER2*); A, coJon a cell line, A27A3-. HER2*(negarive controls). Reprinted widi 
pemiission fiom: (A) Kawashima I, Hudson S, Tsai V et al. Human Immunol 1998; 59:1-14. ©American 
Society for Histocompatibility and Immunogenetics. 1998 Elsevier Science, Inc. (B) Kawashima I, Tsai V, 
Soudiwood S et al. Cancer Res 1999; 59:431-435. ©1999 Amer Assoc Cancer Res, Inc. 


which bears some homology to the epidermal growth factor receptor/^ Furthermore, the am- 
plification and overexpression of this proto-oncogene on breast tumors has been associated 
widi a^essive disease and poor prognosis. Odier tumors, mainly adenocarcinomas of the 
ovary, colon and lung have also been reported to overexpress HER2. Since HER2 is selectively 
overexpressed in malignant cells and not in normal tissues, it has been considered as a possible 
antigen for CTl^mediated immunotherapy.^^'^^'^^ Indeed, there are several reports demon- 
strating that some CTL from ovarian cancer patients are capable of recognizing peptides de- 
rived from the HER2 protein.^^'25*^-79 Purdiermore, diere is also some evidence that helper T 
cells are capable of reacting widi MHC class II peptides from HER27^'®^'^* 

Using our T-cell epitope identification strategy we tested die capacity of MHC class I- 
binding peptides from HER2 to induce tumor-reactive CTL Several HLA-A2 and a few HLA- 
A3 binding peptides from HER2 were analyzed for dieir ability to tri^er primary CTL re- 
sponses using DC as APC. The examples presented in Figure 1,4 demonstrate that CTL 
possessing a high level of cytotoxicity for HER2+ tumor cells were produced to bodi HLA-A2 
and HLA-A3 MHC molecules/'**^^ 

Another TAA which is an ideal candidate for immunotherapy is CEA (carcinoembryonic 
antigen). CEA is a 180-kD glycoprotein that is extensively expressed on the vast majority of 
colorectal, gastric, and pancreatic carcinomas, it is also found in approximately 50% of breast 
cancers and on 70% of non-small-cell lung cancers. ^^'^^"^^ CEA is also present, but at usually at 
lower concentrations, in the normal colon epithelium and in some fetal tissues. Circulating 
CEA can be detected in the great majority of patients with CEA positive tumors and has been 
used to monitor responses to therapy and disease progression. Recendy, CEA-reacdve CTL 
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responses were reported in cancer patients diat were immunized widi a recombinant vaccinia 
virus expressing CEA.^^ Following die same strategy as described above, we have idendfied 
several novel CTL epitooes restricted by commonly found MHC class I alleles such as HLA- 
A2, -A3 and -A24. '^2- ^ The results presented in Figure 1.5 show diat as widi odier TAA, 
CEA-reactive CTL diat are induced widi MHC-binding peptides exhibit significant lytic ac- 
tivity towards CEA-expressing tumor cells. 

Enhancement of T-Cell Immunogenicity by Epitope Manipulation 

The main consideration of using individual T-cell epitopes instead of whole proteins for 
developing immune-based dierapy for cancer is diat while vaccinations using intact proteins 
representing "self antigens" rarely induce CTL and T helper responses, peptides when admin- 
istered correcdy, have been shown to be capable of eliciting strong T-cell responses to tumor 
cells. Anodier major advantage of identifying and utilizing tumor-associated T-cell epitopes 
is die possibility of increasing dieir biological activity by die substitution of critical residues 
which are predicted to enhance MHC binding and/or TCR reactivity There are several reports 
demonstrating diat peptide analogues of CTL and HTL epitopes can be 10-lOOOX more effi- 
cient in stimulating antigen-specific T cells dian die natural peptide sequences. For example, it 
was clearly shown diat peptide analogues corresponding to two well known HLA-A2-restrictLd 
CTL epitopes from the melanoma-associated antigens gplOO/pmel-17, 0280-288 
(YLEPGPVTA) and from MARTl/Melan-A, p26-35 (EAAGIGILT^, were shown to be sig- 
mficandy more potent in tri^enng CTL responses in vitro.^*''^^ The analogs YLEPGPVIY 
and ELAGIGILTV contained substitutions in die primary HLA-A2 binding anchors (shown 
underlined ), which increased die binding of the peptide to diis MHC molecule. 

In addition to die above examples, our group has demonstrated diat a non-immunogenic 
pepude from CEA can be engineered to elicit tumor-reactive CTL in vitro.^o In diese studies 
we wished to address whedier a low/intermediate HLA-A2-binding peptide diat was not ca- 
pable of inducing CTL could be rendered immunogenic by modifications designed to enhance 
Its MHC binding. Specifically, peptide CEA p24-33 (LLTFWNPPT) is missing one of die 
canom<^" A2.1 anchors (a V at die carboxyl terminal end), as defined by pool sequencing 
analysis In order to determine whedier substituting die non-canonical C-terminal anchor 
(T) widi die canonical residue, a peptide analog from CEA p24-33 was prepared and tested for 
bindmg to purified HLA-A2.1 molecules. This analog had a "V^ at die carboxyl-terminal end 
and an M at position 2 (CEA p24-33/M2V9, sequence: LMTFWNPPV), based on die 
finding diat die presence of "M" in position 2 is fiequendy associated widi optimal HLA-A2 1 
bmding capacity. ' The analog peptide bound to purified HLA-A2.1 molecules widi an 
approximately 40-foId increase CEA p24-33/M2V9 aC5o4.5 nM), as compared to die natural 
pepade, CEAp24.33 (IC50 178.6 nM). Itwas notable diat aldiou^ peptide CEAp24-33 was 
not capable, at least according to our experimental protocol, of tri^ering CTL responses in 
vioro (data not shown), die peptide analog CEA p24-33/M2V9 was immunogenic in terms of 
CTL mducuon. A CTL clone induced by die analog specifically recognized and killed colon 
and gastric cancer cells expressing die CEA and HLA-A2 antigens (Fig. 1.6). 
„ It has been reported diat MHC class II HTL epitopes can also be engineered to increase 
dieir MHC binding affinity and T-cell immunogenicity. For example, a melanoma-reactive T 
helper hne specific for die tyrosinase antigen and restricted by HLA.DRB*0401 was shown to 
recognize a peptide analog widi a substitution in one of die major MHC anchors, 10-100 X 
better than the natural peptide sequence.^^ 
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Fig. 1.5. CytotoxicT lymphocytes induced with HLA-binding peptides from CEA can kill tumor cells. CTL 
were induced with die HLA-A2-binding peptide, CEAp691-700 (IMIGVLVGV) (panel A) or die HLA- 
A3 binding peptide CEA p61-70 (HLFGYSWYK) (panel B). Peptide specific CTL were used as effector 
cells to test for the lysis of following target cell lines: O, EBV-LCL of the appropriate HLA type pulsed with 
CEA p691-700 (in A) or CEA p61-70 (in B); EBV-LCL without peptide; A, SW403 cells (colon Ca, 
HLA-A2V-A3*, CEA^; O, KATO-III ceUs gastric Ca, HLA-A2% CEAO; A, colon Ca cell line, HLA-A2- 
/-A3', CEA*(negative controls). Reprinted with permission from: (A) Kawashima 1, Hudson S, Tsai V et al. 
Human Immunol 1998; 59:1-14. ©American Society for Histocompatibility and Immunogenetics, 1998 
Elsevier Science, Inc. (B) Kawashima I, Tsai V, Soudiwood S et al. Cancer Res 1 999; 59:431-435. ©1999 
Amer Assoc Cancer Res, Inc. 


In summary, it is clear that T-cell epitope identification allows the unique advantage of 
designing more potent inmiunogens based on the modification of peptide sequences aimed 
towards increasing MHC binding affinity. Needless to say, this approach can be extremely 
useful when the targeted antigen represents a molecule which may be expressed in normal cells 
such as most TAA, where immune tolerance may need to be broken. 

Conclusions 

Therapeutic ^proaches Using Defined T'Cell Epitopes 

The ultimate goal of our research is to develop effective immunotherapies for both early 
(pre-metastatic) and advanced cancer patients utilizing the information derived from our T- 
cell epitope identification and re-engineering efforts. Because most patients suffering with 
advanced, metastatic disease are likely to be immunosuppressed due to their overall poor 
health status or as a result of chemo/radiation therapy, the logical approach to carry out anti- 
tumor immune intervention would be adoptive cellular therapy. TAA-specific CTL and HTL 
could be prepared in vitro as described above using CDS* and CD4* T-cells stimulated with 
autologous pep tide-pulsed DC. It is foreseeable that in tissue culture (ex vivo) most of 
the immunosuppressive factors affecting the cancer patient can be eliminated. The in 
vitro-generated antigen-specific T-cells will then be expanded either by sequential stimulation 
vidth antigen or with mitogen (e.g., anti-CD3 antibody) as described by Riddell and Greenberg 
and later re-infiised into the patients with or without the addition of systemic lymphokines 
(e.g.. 11.2). 
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Effectors:Target Inhibitors: Target 

Fig. 1.6. Peptide analogs can induce tumor-reactive CTL. Panel A: The CEA p24-33/M2V9 (analog, 
sequence: LMTFWNPPV) specific CTL clone was tested for its cytolytic activity against following 
target cell lines: O, EBV-LCL cells pulsed with CEAp24-33/M2V9; EBV-LCL without peptide; 
A, SW403 (colon Ca. HLA-A2*, CEA^; KATO-III (gastric Ca, HLA-A2^ CEA*); HT-29 
(colon Ca, HLA-A2*, CEA*). Panel B: Antigen specificity demonstrated by cold target inhibition 
assay. Lysis of '*Cr-labeled SW403 cells at an effector/target ratio of 2: 1 by the CEA p24-33/M2V9 
specific CTL clone was blocked at various Inhibitors / Target ratios by the following cold targets: O, 
EBV-LCL pulsed with CEA p24-33/M2V9; A, EBV-LCL pulsed with irrelevant HLA-A2.1 binding 
peptide (FLPSDYFPSV); EBV-LCL without peptide. Reprinted with permission from: Kawashima 
I, Hudson S, Tsai V et al. Human Immunol 1998; 59:1-14. ©American Society for Histocompat- 
ibility and Immunogenetics, 1998 Elsevier Science, Inc. 

Anti-tumor active immunotherapy (i.e., vaccination), on the other hand, will be more 
suitable for early (non-metastatic) disease, where patients are most likely to have an intact 
immune system. Furthermore, it becomes very attractive to utilize anti-tiunor vaccines in the 
adjuvant setting with the aim of preventing tumor reciurences after primary conventional treat- 
ment by the elimination of micrometastases. Several potential approaches for inducing effec- 
tive in vivo CTL and HTL responses to TAA can be contemplated. In many circumstances, 
vaccination with synthetic peptides representing the defined CTL and HTL epitopes in the 
absence or presence of adjuvants appears to be an easy and attractive way of inducing T-cell 
responses. '^^ However, although this mode of vaccination can effectively prevent the estab- 
lishment of tumors (prophylaxis) it seldom has any benefit when used in the therapeutic mode. 
Furthermore, it has recendy been reported that vaccination with certain peptides representing 
CTL epitopes can result in T-cell inactivation/deletion^^*^® which would certainly be an unde- 
sirable outcome for the treatment of timiors. Notwithstanding the above concerns, it was re- 
cendy reported that some melanoma patients exhibited tumor responses after receiving peptide 
vaccination in combination with GM-CSF or 11^2. * These results support further research 
in this area, where optimization of vaccination protocols could become an effective method of 
anti-tumor immunotherapy. 

Another approach for inducing active immimity against TAA, especially when multiple 
T-cell epitopes are being considered, is the use of DNA-based vaccines. Plasmid vaccines con- 
taining multiple T-cell epitopes linked in tandem have been reported to induce strong T-cell 
responses to most of the components of the vaccine. Nevertheless, it remains to be determined 
whether these types of immunogens are capable of inducing sufficiendy potent immime responses 
capable of providing benefit (extend disease-fiee survival) in cancer patients. 
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Currently, the most promising type of anti-tumor vaccine is the use of autologous pep- 
tide-pulsed DC. As mentioned previously, DC can relatively easily be prepared in tissue culture 
fix>m monocytic precursors (CD 14* cells) that are incubated for approximately 1 week with 
GM-CSF and IL-4. Experiments in mouse models have shown that peptide-pulsed DC vacci- 
nation can effectively eliminate estabUshed tumors and extend disease-free survival/*^ Also 
very encouraging is the recent observation that several melanoma patients vaccinated with 
autologous DC pulsed with melanoma-associated peptides demonstrated objective tumor 
responses.*^ Thus, it appears that antigen-presenting DC are capable of overcoming potential 
immune tolerance and triggering immune responses to epitopes that are expressed in some 
normal tissues (melanocytes). 

Finally, regardless of the vaccination strategy selected to induce anti-tumor CTL and HTL 
responses in individu^ with established tumors, it becomes critical to carry out clinical studies 
with realistic endpoints. Unfortunately the evaluation of anti-tumor immunotherapy has been 
set to the standards of conventional cancer treatments such as chemo and radiation therapy 
where effectiveness is the reduction or elimination of measurable tiunors. Many tumor immu- 
nologists, including myself and Dr. Martin Kast feel quite strongly that is naive to expect the 
disappearance of large tumor masses as a result of vaccination. More realistic and desirable 
endpoints such as 1) disease free survival, 2) overall survival with reasonable quality of life and 
3) time to recurrence should be used to evaluate immunotherapy in cancer. Unfortunately, 
clinical studies designed to measure these endpoint require signiRcant number of patients, a 
considerable amount of time (2-5 years miniirial), a high amount of resources, and most im- 
portandy patience on the part of the clinical investigators and for-profit companies involved in 
the testing of potential new compounds. 
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